In this paper, we analyse the dilemma confronted by a small country in relation to the consolidation taking place in the European defence industry. Assuming that Portugal must maintain its armed forces, a nd must retain a minor defence industry, this industry must be competitive in small niches. Competitiveness must be based on, amongst other elements, technical efficiency and technological change. We investigate this issue, first characterizing the threats faced by the Portuguese defence industry, then investigating its present efficiency and finally, we discuss its role in the consolidation of the European Industry. We conclude that the Portuguese defence industry has no alternative but to opt for innovation and European partnership, which are complementary policies, but which require the active involvement of the shareholder (i.e. the Government) in effecting these fundamental shifts in direction and emphasis. If this strategy does not succeed, the defence policy should be based on offsets.
1.Introduction
Two major contemporary developments in the European defence industry are, firstly, the existence of excess capacity and, secondly, the threat of external competition from large US defence companies in supplying modern equipment cheaply and quickly [Hartley (2000) ]. In a small, peripheral market, this threat adds to the dynamics of EU integration, namely the internal competitive threat from large European defence companies, which are currently undergoing a process of consolidation, and the small number of defence firms operating at less than optimal scale.
In this context, the creation of a single European market will involve adjustment costs, with the firms from small countries probably emerging as the losers. What can be done within such a framework? The aim of this paper is to answer this question for the Portuguese industry. Before answering the q uestion, we shall characterize the industry and analyse its efficiency. Considering that Portugal must maintain its army, and that it must retain a minor defence industry, it is vital for this industry to be able to maintain competitiveness in small niches. Competitiveness must be based on, amongst other elements, technical efficiency and technological change. We examine these issues and conclude on the policy needed to support the maintenance of Portugal's defence industry.
The paper is organized as follows: in the second section, we briefly describe the Portuguese defence industry. In the third section, we analyze its efficiency with a DEA-data envelopment analysis. In the fourth section, we discuss the room for the industry to adjust successfully to globalization and the restructuring of the European defence industry.
The Portuguese Defence Industry
The evolution of the Portuguese defence industry is related to the country's history.
Towards the end of the colonial era, the industry supplied arms and munitions to the Portuguese armed forces engaged in various wars against liberationist forces in the African colonies between 1960 and 1974. The firms active in this period (INDEP, OGMA and SPE) are still in business today, and two of them (INDEP and SPE) remain with the same problems of restructuring more than a quarter of a century after the end of the African wars. This restructuring has been exacerbated by the decline in military expenditure everywhere following the fall of the Berlin Wall (November, 1989) . One example of INDEP's need for modernization is the fact that it is still producing the rifle used in the African wars, the G3.
In the eighties, the Portuguese Navy purchased two German MEKO-class frigates.
This purchase brought about three offsets: the creation of a software house, EDISOFT; the conversion of another firm, EID, for solely military production of communication equipment and, in addition, the modernization of OGMA.
In 1996, the industry was reorganized by the State as the publicly owned EMPORDEF -Portuguese Defence Enterprise -comprising the companies in table 1 below, which constitute the Portuguese defence sector.
In 2000, a defence industry association, DANOTEC (www.danotec.pt), was created, gathering together the firms listed in table 1 below with others with a dual production for defence and civilian outlets.
The criterion adopted for defining the defence sector in this paper is those companies, which produce only arms, munitions and military equipment. Those firms which are members of DANOTEC, i.e. they have some armaments production in addition to a non-military output and are in the private sector, have not been considered in this paper. This characterization highlights two issues: an internal problem associated with the efficiency of the industry and an external problem associated with its competitiveness in the world market in general and in the European market in particular.
In table 2 below, we compare the Portuguese defence industry with some of its worldwide counterparts. 1998, p.22) . In the absence of deals such as cross-border mergers of equals, the industry carried out a study into the road forward, producing a strategic report (EMPORDEF, 1999) . This concluded by advocating European partnership and participation in European joint-projects in order to negotiate a more secure future position for the country in this field.
Portuguese Defence Industry: Technological Change, Efficiency and Productivity
In this section we undertake an analysis of the efficiency of the Portuguese defence sector.
Following Farrel (1957) , researchers applying frontier estimation techniques represent technology by a confining function that reflects best-practice production, defined in terms of the maximum real output technologically possible to produce given available inputs.
To set the scene for our productivity measurement, we adopt the framework set in the paper by Fare et al. (1990) , Hjalmarsson and Veiderpass (1992) and Price and Weyman-Jones (1996) . Figure 1 below shows two observations on the input (x) and output (y) bundles used by a firm in an industry at time t and t+1. The objective is to measure the productivity growth between t and t+1 in terms of the change from inputoutput bundle z (t) to input-output bundle z (t+1). Figure 1 The measurement of the productivity is made through the potential production frontier that is imposed on the production bundle in figure 2. The production frontier represents the efficient levels of output (y) that can be produced from a given level of input. If the firm is technically efficient in period t, it produces along the frontier the maximum output attainable. Point z (t) corresponds to a technically inefficient firm,
which uses more than the minimal amount of input to make a given level of output.
The bundle z (t) can be reduced by the horizontal distance ratio =0N/OS in order to make the production technically efficient.
The frontier can shift over time. By analogy, the bundle z (t+1) should be multiplied by the horizontal distance ratio=0R/0Q in order to achieve comparable technical efficiency. Since the frontier has shifted in the meantime, z (t+1) is technically inefficient in t+1. In order for z (t+1) to be efficient in period t+1, it must be reduced by the horizontal distance=0P/0Q. 
= MC*MF
We verify that the relative efficiency distances o f each observation from its own frontier measure the catching up effect. The frontier shift effect is measured by the relative distance between the frontiers at period t+1.This is the benchmark used by
Hjalmarsson aand Veiderpass (1992) and Price and Weyman-Jones (1996) . An alternative benchmark used by Fare et al. (1990) measures the frontier shift as the relative distance between the frontiers at t and t+1 (ON/OL).
Formally the Malmquist index is based on the output distance function defined as:
Where x denotes a vector of inputs, y are outputs, S is the technology set, and superscript T denotes the technology reference period, usually T=t or T=t+1, and 1/θ defines the amount by which outputs in year t could have been increased, given the inputs used, if technology for year T had been fully utilized. Caves, Christensen and Diewert (1982) showed that productivity movements could be measured by a multi-input, multi-output Malmquist index when input and output data are available in physical units, so that no price index problems arise. They argue that the distance function d (x, y) can be used in the construction of the Malmquist index and measured the Malmquist index of change between t and t+1 as the ratio: Fare et al (1994) proposed to measure the Malmquist index as the geometric mean of such indexes calculated both for year t and year t+1 reference technologies as: The ratio outside the brackets is the index of change in technical efficiency (i.e. change in the distance of observed production from the current maximum feasible production) between years t and t+1, while the bracketed term is the index of change in technology (or technical change) between two periods evaluated at x t and x t+1 .
The Malmquist index is measure either with the distance function or alternatively with the reciprocal of the input distance function θ (x, y)=[1/d (x, y)]. This reciprocal of the input distance function θ (x, y) is the smallest ratio by which an input bundle can be multiplied and still be capable of making a given level of output. The reciprocal distance function is equivalent to the measure of technical efficiency proposed by Farrel (1957) and is the basis of the efficiency distance ratios used in analyzing figure 2.
When the Farrel measure of technical efficiency (reciprocal of the input or output distance) is used in constructing the Malmquist index, we obtain productivity growth if M>1 and productivity regression if M<1.
Technical efficiency is, in a dynamic way, characterized as efficiency change produce at a level below its potential, which is the maximum possible output given the production environment, which applies to the specific industry. Thus, technical change refers to a movement towards, or way from, the best-practice frontier of production.
Technical change (innovation) arises due to capital accumulation that drives the adoption of technology by best-practice firms, thus shifting the frontier of technology.
One strand of the literature on this issue, dealing with macroeconomic convergence, (Taskin and Zaim, 1997 and Maudos, 2000) points to the fact that technical change is higher in rich countries, while technical efficiency is higher in poor countries.
For this paper, we applied a DEA technique developed by Charnes, Cooper and Rhodes (1978) to fit a surface to the uppermost data points of the frontier. With data from financial accounts for the periods from 1995 to 2000, we undertook an analysis of total factor productivity (TFP) with Malmquist index. The unavailability of price data makes it impossible to measure productivity using conventional indexing approaches. We must rely on quantity-based conceptual approaches that in some way compare observed change in output with imputed change that would have been caused by the observed input changes. The imputed output change is based on some type of production possibility set estimated for the time interval, rather than using prices as proxies for marginal product.
The Malmquist index (Malmquist, 1957) allows changes in productivity to be broken down into changes in efficiency and technological change. Unlike the econometric stochastic frontier approach, it offers a different rate of technical change for each individual, which is more adequate for the purposes of this section, i.e. the analysis of technical change by companies. Moreover, since it i s estimated with a non-parametric methodology (DEA), it does not need to impose any functional form on the data, neither to make distributional assumptions for the inefficiency term.
This efficiency measure assumes that the production function of the fully efficient firm is known. In practice, this is not the case, and the efficient frontier must be estimated from the sample data. In these conditions, the frontier is relative to the sample considered in the analysis.
The estimation of the Malmquist index uses a linear LP-programming technique to calculate the reciprocal of the output distance. For theoretical details on LP see Fare, Grosskopf and Lovell (1994) and Coelli, Prasada and Batesse (1998) and Coeli (1996) .
Data and Results
To estimate the production frontier, we use balanced-panel data on the Portuguese defence industries between 1995 and 2000 in relation to 5 companies: EDISOFT, EID, INDEP, OGMA and SPEL, with information on inputs and outputs (30 observations). We discarded IDD because of its small number of observations.
The data derives from the financial reports with the data on inputs and outputs in value. To calculate the TFP indices we require information on prices and quantities, thus we use price information from other sources and use these prices to deflate the value to obtain implicit quantities. We measure output by sales and added value and input by the number of employees in each firm and the net book value of total assets.
All the variables, with the exception of the employees, had been deflated to obtain implicit quantities. Sales and added value have been deflated dividing the value in the report by the GDP deflator. The asset value has been deflated by the average cost of capital in Portuguese economy. The deflators were obtained in the Portuguese Central
Report.
The Malmquist index can be calculated in several ways (Caves et all, 1982) . In this study we use the DEAP software [Coelli (1996) ] and estimate an output-oriented From table 3, it is verified that TFP growth is varied in the period analyzed, with not a single firm presenting a positive index trend in all the years under analysis. We were unable to find a justification for these changes in TFP over a small period. This evolution, when compared with a general financial loss for the majority of the firms, means that the sector is in the process of reconstruction. The variations in technical efficiency are attributable to technical experience and management and organization in the firm, and we verify that the index of technical efficiency change is greater than one for all the firms, denoting that the mastering or diffusion of best-practice technology improved in the period.
Technological change is the consequence of innovation or adoption of new technologies by best-practice firms. We verify that, with exclusion of INDEP, this index is less than one, indicating that innovation deteriorates over the period.
Overall, we observe that improvements in t echnical efficiency co-exist with deteriorating technological change, perhaps due to failures to reconstruct the activity of the Portuguese Defence industry.
Discussion and Conclusion
The results of the research are as follows: (i) the Portuguese defence industry is small, unable to supply its armed forces with heavy equipment, and insignificant when compared with the leading international companies.
(ii) There is no growth in total factor productivity in the period under analysis (1995) (1996) (1997) (1998) (1999) (2000) ; (ii) the breakdown of total factor productivity shows that improvements in technical efficiency co-exists with a deterioration in technological change and maintenance of scale efficiency.
Policy actions intended to improve the rate of total productivity growth are welcome if focussed on accelerating the rate of innovation. Moreover, this policy should be based on looking for European partnership and the participation in European jointprojects in order to negotiate a more secure future position for the country in this field. This dual-strategy policy, i.e. innovation and European partnership, is complementary, but requires the active involvement of the shareholder (i.e. the Government) in confronting the problem.
If this strategy does not succeed, the defence policy should be based on offsets.
These results may also apply to all small European countries
